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[57] ABSTRACT

A fluid-filled cylindrical vibration damping device compris-
ing: an 1nner sleeve; an outer sleeve disposed radially
outwardly of the inner sleeve; an elastic body interposed
between the 1nner and outer sleeves; a pressure-receiving
chamber partially defined by the elastic body; a first flexible
diaphragm partially defines a first equilibrium chamber; a
second flexible diaphragm partially defines a second equi-
librium chamber; a first orifice passage which permits fluid
communication between the pressure-receiving and first
cequilibrium chambers; for defining a second orifice passage
which permits fluild communication between the first and
second equilibrium chambers; the second orifice passage
having a ratio A/L which 1s smaller than that of the first
orifice passage, wherein A and L are a cross sectional arca
and a length of each orifice passage, respectively, and
wherein the fluid flowing in the first orifice passage has a
first resonance frequency {1 while the fluid flowing in the
second orifice passage has a second resonance frequency 12
which 1s higher than the first resonance frequency {1.

12 Claims, 14 Drawing Sheets
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FLUID-FILLED CYLINDRICAL VIBRATION
DAMPING DEVICE HAVING DIFFERENT
RESONANCE FREQUENCIES OF FLUID

This application 1s based on Japanese Patent Application
No. 8286501 filed Oct. 29, 1997, the content of which i1s
incorporated heremto by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a fluid-filled
cylindrical vibration damping device adapted to provide a
vibration damping or 1solating effect based on flows or
resonance of a fluid contained therein. More particularly,
this invention 1s concerned with such a fluid-filled cylindri-
cal vibration damping device which 1s capable of effectively
damping or isolating the input vibrations over a wide
frequency range, based on the flows of the fluid.

2. Discussion of the Related Art

As one type of a vibration damping device interposed
between two members of a vibration system, there 1s known
a fluid-filled cylindrical vibration damping device which
includes (a) an inner sleeve member, (b) an outer sleeve
member disposed radially outwardly of the 1inner sleeve with
a suitable radial distance therebetween, (¢) an elastic body
interposed between the 1nner sleeve member and the outer
sleeve member for connecting these two sleeve members,
(d) a pressure-receiving chamber which 1s partially defined
by the elastic body and filled with a non-compressible fluid
such as water, (¢) an equilibrium chamber which is partially
defined by a flexible diaphragm and {filled with the non-
compressible fluid, and (f) an orifice passage for permitting
flows of the fluid between the pressure-receiving and equi-
librium chambers. Such a vibration damping device 1s used
as an engine mount for a motor vehicle. The cylindrical
vibration damping device of this type 1s capable of exhib-
iting an excellent vibration damping or 1solating effect based
on the flows or resonance of the fluid which 1s forced to flow
through the orifice passage upon application of the vibra-
tions between the mnner and outer sleeves.

Generally, the engine mount for the motor vehicle is
required to exhibit different damping or 1solating character-
istics with respect to the input vibrations over a wide
frequency range since the frequency of the vibration to be
damped changes depending upon the running condition of
the vehicle, for mstance. For example, the engine 1dling
vibrations applied to the engine mount while the vehicle 1s
stationary with the engine placed 1n its idling state have a
plurality of frequency order components. In addition, 1 a
motor vehicle equipped with an automatic transmission, the
frequency of the input vibration changes with a change of
the engine speed 1n different positions of the transmission. In
ogeneral, the engine mount 1s required to exhibit a vibration
1solating effect with respect to the input vibrations over a
wide frequency range of 20—40 Hz.

However, the above-described fluid-filled cylindrical
vibration damping device exhibits an effective vibration
damping or 1solating effect based on the fluid flows through
the orifice passage, with respect to only the input vibrations
in a relatively narrow frequency range which 1s determined
depending upon the length and cross sectional areca of the
orifice passage. Further, the dynamic spring constant exhib-
ited based on the resonance of the fluid flowing through the
orifice passage 1s relatively low when the vibration fre-
quency 1s lower than the resonance frequency of the fluid
flowing through the orifice passage, but 1s abruptly increased

10

15

20

25

30

35

40

45

50

55

60

65

2

in the neighborhood of the resonance frequency. Namely, the
dynamic spring constant of the engine mount considerably

increases when the 1put vibration has a frequency higher
than the frequency to which the orifice passage i1s tuned,
whereby the vibration damping effect to be exhibited by the
engine mount 1s considerably deteriorated.

Thus, the conventional fluid-filled cylindrical vibration
damping device 1s not capable of providing a vibration
1solating effect exhibited by the low dynamic spring constant
based on the fluid flows, over a wide frequency range to be
required. Accordingly, the conventional vibration damping
device does not provide the desired vibration damping or
1solating characteristics.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a fluid-filled cylindrical vibration damping device which
exhibits a low dynamic spring constant based on flows of the
fluid which 1s forced to flow through an orifice passage over
a wide frequency range of the mput vibrations.

It 1s an optional object of the invention to provide such a
fluid-filled cylindrical vibration damping device wherein a
considerable increase of the dynamic spring constant is
prevented 1n the neighborhood of the resonance frequency of
the fluid tlowing through the orifice passage, so as to 1nhibait
considerable deterioration of its vibration damping or 1s0-
lating characteristics, so that the fluid-filled cylindrical
damping device 1s capable of exhibiting an excellent vibra-
tion damping or 1solating effect with respect to the input
vibrations over a wide frequency range.

The above objects of the present invention may be
attained according to the principle of the present invention,
which provides a fluid-filled cylindrical vibration damping
device comprising: (a) an inner sleeve member; (b) an outer
sleeve member disposed radially outwardly of the inner
sleeve member; (¢) an elastic body interposed between the
mner sleeve member and the outer sleeve member for
clastically connecting the inner and outer sleeve members
with each other; (d) a pressure-receiving chamber which is
formed between the inner sleeve member and the outer
sleeve member and filled with a non-compressible fluid, the
pressure-receiving chamber being partially defined by the
clastic body so that a pressure of the fluid in the pressure-
receiving chamber changes upon application of a vibrational
load to the vibration damping device; (¢) a first flexible
diaphragm which partially defines a first equilibrium cham-
ber filled with the non-compressible fluid, the first flexible
diaphragm being displaceable to permit a change 1n a
volume of the first equilibrium chamber; (f) a second
flexible diaphragm which partially defines a second equi-
librtum chamber filled with the non-compressible fluid, the
second flexible diaphragm being displaceable to permit a
change in a volume of the second equilibrium chamber; (g)
first orifice passage defining means for defining a first orifice
passage which permits fluid communication between the
pressure-receiving chamber and the first equilibrium cham-
ber; (h) second orifice passage defining means for defining
a second orifice passage which permits fluid communication
between the first equilibrium chamber and the second equi-
librtum chamber, the second orifice passage having a ratio
A/L which 1s smaller than that of the first orifice passage,
wherein A and L are a cross sectional area and a length of
cach of the first and second orifice passages, respectively;
and (1) wherein the fluid flowing in the first orifice passage
has a first resonance frequency {1 while the fluid flowing in
the second orifice passage has a second resonance frequency
{2 which 1s higher than the first resonance frequency {11.
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In the thus constructed fluid-filled cylindrical vibration
damping device, the first and second equilibrium chambers
are connected 1n series with each other with respect to the
pressure-receiving chamber through the first and second
orifice passages. Upon application of the vibrational load to
the fluid-filled cylindrical vibration damping device, a pres-
sure of the fluid 1n the pressure-receiving chamber changes
due to elastic deformation of the elastic body, so as to cause
fluid flows between the pressure-receiving chamber and the
first equilibrium chamber, and between the first equilibrium
chamber and the second equilibrium chamber, through the
first and second orifice passages, respectively. Thus, the
fluid-filled cylindrical vibration damping device exhibits a
desired vibration damping or isolating effect owing to the
resonances of the fluid flowing through the first and second

orifice passages, respectively.

In the present fluid-filled cylindrical vibration damping
device, the second orifice passage has a ratio A/LL which 1s
lower than that of the first orifice passage, wherein A and L
represent a cross sectional area and length of each of the first
and second orifice passages, respectively. Further, the reso-
nance frequency of the fluid flowing in the second orifice
passage 1s higher than that of the fluid flowing 1n the first
orifice passage. This arrangement assures a low dynamic
spring constant based on the resonance of the tfluid flowing
through the first orifice passage while preventing an increase
of the dynamic spring constant at a frequency which 1is
higher than the resonance frequency of the fluid flowing
through the first orifice passage, owing to the low dynamic
spring constant exhibited by the resonance of the fluid
flowing through the second orifice passage. Accordingly, the
present fluid-filled cylindrical vibration damping device
exhibits an excellent damping or 1solating characteristic
owing to the low dynamic spring constant over a sufficiently
wide frequency range of the nput vibrations.

In the fluid-filled cylindrical vibration damping device as
described above, the pressure-receiving chamber, first equi-
librium chamber and second equilibrium chamber are con-
nected 1n series with each other via the first and second
orifice passages. This arrangement does not require any
switching means such as a valve for switching the operating
states of the two orifice passages, so that the engine mount
which exhibits an excellent vibration damping capability can
be obtained 1n a simplified structure and with an excellent
manufacturing efficiency.

According to a first preferred form of the present
invention, the first flexible diaphragm which partially
defines the first equilibrium chamber 1s provided by a first
clastic layer while the second flexible diaphragm which
partially defines the second equilibrium chamber 1s provided
by a second elastic layer, the first and second equilibrium
chambers being partially defined by respective walls (48,

50) which have substantially the same expansion spring
constant.

In the above first preferred form of the fluid-filled cylin-
drical vibration damping device, the expansion spring con-
stants of the first and second equilibrtum chambers are
cliectively exhibited based on the elastic deformation the
first and second elastic layers. The term “expansion spring
constant” used herein means a spring constant of the walls
which define each equilibrium chamber, when the walls are
expanded due to the increase of the pressure 1 the equilib-
rium chamber. Further, the expansion spring constant of the
the first equilibrium chamber 1s made substantially equal to
that of the second equilibrium chamber. This arrangement
allows easy tuning of the first and second orifice passages.
The expansion spring constant of the first equilibrium cham-
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4

ber may be made different from that of the second equilib-
rium chamber, depending upon the cross sectional area and
length of each of the first and second orifice passages and the
desired tuning characteristics of these orifice passages.

According to a second preferred form of the present
imvention, an axial void 1s formed between the mnner sleeve
member and the outer sleeve member and 1n one of two
circumferential portions of the damping device which are
diametrically opposed to each other while the elastic body 1s
interposed between the mnner sleeve member and the outer
sleeve member and in substantially the other of the two
circumferential portions of the damping device, the first
equilibrium chamber and the second equilibrium chamber
being located within the axial void such that the first and
second equilibrium chambers are spaced apart from each
other 1n a circumferential direction of the axial void, the first
and second flexible diaphragms which define the first and
second equilibrium chambers, respectively, being provided
by the first and second elastic layers which are formed

substantially independently of the elastic body.

In the above second preferred form of the fluid-filled
cylindrical vibration damping device, the pressure-receiving
chamber and the first and second equilibrium chambers are
formed to have the desired volumes by efficiently utilizing
a space between the inner and outer sleeve members. Since
the first and second elastic layers are formed substantially
independently of the elastic body, the first and second elastic
layers do not directly receive the vibrational load and the
static load or weight of the power unit, so that the durability
of these elastic layers are effectively improved.

According to a third preferred form of the present
invention, the fluid-filled cylindrical vibration damping
device further comprises an intermediate sleeve bonded to
an outer circumierential surface of the elastic body and
including a plurality of windows through which a first
pocket that 1s partially defined by the elastic body, a second
pocket that 1s partially defined by the first flexible diaphragm
and a third pocket that 1s partially defined by the second
flexible diaphragm are open 1n an outer circumferential
surface of the intermediate sleeve, the outer sleeve member
being fitted on the mtermediate sleeve so as to Huid-tightly
close the first, second and third pockets, to thereby provide
the pressure-receiving chamber, the first equilibrium cham-
ber and the second equilibrium chamber, respectively.

In the above third preferred form of the present fluid-filled
cylindrical vibration damping device, the pressure-receiving
chamber and the first and the second equilibrium chambers
are casily formed while assuring excellent fluid tightness
thereof. The first and second flexible diaphragms are pro-
vided by the first and second curved elastic layers,
respectively, which are open 1n the outer circumferential
surface of the intermediate sleeve through the windows
thereof, so as to form the second and third pockets, respec-
fively. According to this arrangement, the first and second
clastic layers are formed integrally with the elastic body
while maintaining the structural independency thereof from
the elastic body.

According to a fourth preferred form of the present
invention, the second orifice passage 1s partially defined by
an elastic member which 1s elastically deformed based on a
pressure of the fluid which 1s forced to flow through the
second orifice passage.

In the above fourth preferred form of the present fluid-
filled cylindrical vibration damping device, the second ori-
fice passage can be tuned by utilizing the elastic deformation
of the elastic member which partially defines the second
orifice passage.
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According to a fifth preferred form of the present
invention, a ratio £2/11 of the second resonance frequency 12
to the first resonance frequency 11 1s not higher than 2.

The above fifth preferred form of the present fluid-filled
cylindrical vibration damping device prevents an increase in
the dynamic spring constant which would be caused at a
frequency which 1s higher than the resonance frequency 11

of the fluid 1n the first orifice passage by the second orifice
passage.

According to a sixth preferred form of the present
immvention, a difference 12-f1 between the second resonance

frequency 12 and the first resonance frequency {1 1s not
larger than 30 Hz.

The above sixth preferred form of the present fluid-filled
cylindrical vibration damping device prevents an increase 1n
the dynamic spring constant which would be caused at a
frequency which 1s higher than the resonance frequency 11
of the fluid flowing through the first orifice passage by the
second orifice passage.

According to a seventh preferred form of the present
invention, the elastic body 1s disposed in one of two cir-
cumiferential portions of the vibration damping device which
are opposed to each other 1n a diametric direction 1n which
the vibrational load 1s primarily applied, while the axial void
1s formed 1n the other of the two circumferential portions,
the first and second equilibrium chambers being formed on
circumferentially opposite sides of a portion of the axial
vold which 1s opposed to the 1nner sleeve member 1n the
direction 1n which the vibrational load 1s primarily applied,
so that the first and second equilibrium chambers are spaced
from each other by a suitable distance in a circumferential
direction of the outer sleeve, the second orifice passage
which permits fluid communication between the first and
second equilibrium chambers being formed so as to extend
along an inner circumierential surface of the outer sleeve
member 1n said circumferential direction thereof, between
portions of the inner sleeve member and the outer sleeve
member which are opposed to each other.

According to an eighth preferred form of the present
invention, the fluid-filled cylindrical vibration damping
device further comprises an elastic stop member which
protrudes from at least one of the inner sleeve member and
the outer sleeve member toward the other of the inner sleeve
member and the outer sleeve member, between the first and
second equilibrium chambers 1n the direction in which the
vibrational load 1s primarily applied. When the elastic stop
member 1s reinforced by a reinforcing member, an amount
of relative displacement of the inner and outer sleeve
members 1s further effectively restricted. Moreover, the
presence of the remnforcing member 1n the stop member 1s
ciiective to prevent a change in the cross sectional area of
the second orifice passage which extends along the inner
circumfierential surface of the outer sleeve member, between
the first and second equilibrium chambers, when the vibra-
tional load 1s applied to the vibration damping device, for
instance.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and optional objects, features and advantages
of the present invention will be better understood by reading
the following detailed description of presently preferred
embodiments of the invention, when considered 1n connec-
fion with the accompany drawings, 1n which:

FIG. 1 1s an elevational view 1n transverse cross section
of an engine mount for use on a motor vehicle constructed
according to a first embodiment of the present invention;
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FIG. 2 1s an elevational view 1n an axial cross section of
the engine mount of FIG. 1;

FIG. 3 1s a cross sectional view taken along line 3—3 of
FIG. 1;

FIG. 4 1s a cross sectional view taken along line 4—4 of
FIG. 1;

FIG. 5 1s an elevational view 1n transverse cross section
of an engine mount constructed according to a second
embodiment of the present invention;

FIG. 6 1s an elevational view 1n an axial cross section on
the engine mount of FIG. 5;

FIG. 7 1s a graph showing the damping or isolating
characteristic measured of an engine mount of Example (1);

FIG. 8 1s a graph showing the damping or isolating
characteristic measured of an engine mount of Example (2);

FIG. 9 1s a graph showing the damping or isolating
characteristic measured of an engine mount of Example (3);

FIG. 10 1s a graph showing the damping or isolating
characteristic measured of an engine mount of Example (4);

FIG. 11 1s a graph showing the damping or isolating
characteristic measured of an engine mount of Example (5);

FIG. 12 1s a graph showing the damping or isolating
characteristic measured of an engine mount of Example (6);

FIG. 13 1s a graph showing the damping or isolating
characteristic measured of an engine mount of Example (7);

FIG. 14 1s a graph showing the damping or isolating

characteristic measured of an engine mount of Example (8);
and

FIG. 15 1s a graph showing the damping or isolating
characteristic measured of an engine mount as a comparative
example.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring first to FIGS. 1-4, there 1s shown an engine
mount 10 which 1s constructed according to a first embodi-
ment of the present invention, for use on a front-engine
front-drive motor vehicle (FF vehicle). This engine mount
10 1includes an 1nner sleeve 12 and an outer sleeve 14 which
are made of metal and disposed such that the two sleeves 12,
14 are spaced apart from each other 1n a radial or diametric
direction of the engine mount 10. The 1nner sleeve 12 has an
ax1s or center which 1s radially offset from an axis or center
of the outer sleeve 14 by a slight radial distance. The 1nner
and outer sleeves 12, 14 are elastically connected with each
other by an elastic body 16 interposed therebetween. When
the engine mount 10 1s installed on the motor vehicle, one
of the mnner and outer sleeves 12, 14 1s attached to a body of
the vehicle and the other 1s attached to a power unit, so that
the power unit 1s supported by the vehicle body via the

engine mount 10 1n a vibration damping or 1solating fashion.
When the engine mount 10 is installed on the vehicle as
described above, a static load or weight of the power unit
acts on the elastic body 16, and the elastic body 16 1s
clastically deformed so that the inner and outer sleeves 12,
14 are placed 1n a substantially coaxial or concentric relation
with each other. With the engine mount 10 installed on the
vehicle as described above, the static load or the weight of
the power unit and a dynamic or vibrational load to be
damped by the engine mount 10 act on the inner and outer
sleeves 12, 14 1n a diametric direction of the engine mount
10 in which the mnner and outer sleeves 12, 14 are initially
oifset from each other.

Described more specifically, the iner sleeve 12 1s a
cylindrical member having a relatively small diameter and a
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relatively large wall thickness. Radially outwardly of the
inner sleeve 12, there 1s disposed an mtermediate sleeve 18
which 1s a cylindrical member having a relatively large
diameter and a relatively small wall thickness. The interme-
diate sleeve 18 1s radially offset from the inner sleeve 12 by
a slight radial distance, and 1s formed with a first window 20
and a second window 22 such that the two windows 20, 22
are opposed with each other in a diametric direction of the
engine mount 10 1n which the inner and imntermediate sleeves
12,18 are offset from each other. Described 1n detail, the first
window 20 of the intermediate sleeve 18 1s located 1n an
upper one of two diametrically opposite circumierential
portions of the intermediate sleeve 18 at which the radial
distance between the inner sleeve 12 and the intermediate
sleeve 18 1s larger 1n the offset direction of the inner and
intermediate sleeves 12, 18 of FIG. 1, while the second
window 22 1s located 1n a lower one of the two diametrically
opposite circumierential portions at which the radial dis-
tance between the inner and intermediate sleeves 12, 18 1s
smaller 1n the offset direction. Thus, the 1nner sleeve 12 and
the intermediate sleeve 18 are positioned relative with each
other.

The elastic body 16 1s interposed between the inner sleeve
12 and the intermediate sleeve 18. During vulcanization of
a rubber material for the elastic body 16, the inner and
intermediate sleeves 12, 18 are bonded to the elastic body
16, so as to provide an integral assembly. On the outer
circumferential surface of the intermediate sleeve 18, there
1s provided a thin sealing rubber layer 24 which 1s formed
integrally with the elastic body 16, so as to cover the entire
outer circumferential surface of the intermediate sleeve 18.

The elastic body 16 1s located between the inner and
intermediate sleeves 12, 18 only 1 the upper circumferential
portion of the engine mount 10 at which the radial distance
between the mner and intermediate sleeves 12, 18 1s larger
in the above-indicated offset direction of the two sleeves 12,
18 as seen 1n FIG. 1. The circumferential length of the elastic
body 16 1s substantially half of the circumference of the
intermediate sleeve 18. According to this arrangement, an
axial void 26 1s formed between the mnner and intermediate
sleeves 12, 18 and 1n the lower circumierential portion of the
engine mount 10 at which the radial distance between the
two sleeves 12, 18 1s smaller. The axial void 26 1s formed
through the entire axial length of the elastic body 16 and has
a circumfierential length which corresponds to a half of the
circumference of the mntermediate sleeve 18. The provision
of the axial void 26 effectively reduces or prevents occur-
rence of tensile stress 1n the elastic body 16 when the engine
mount 10 1s 1nstalled on the vehicle and the weight of the

power unit acts thereon, leading to an improved durability of
the elastic body 16.

To the outer circumferential surface of the inner sleeve 12,
there 1s fixed stop block 28 which 1s made of a hard material
such as a synthetic resin. The stop block 28 consists of a
cylindrical portion 30 which 1s fixed on the outer circum-
ferential surface of the inner sleeve 12, a first stop portion 32
which protrudes from the axially intermediate portion of the
cylindrical portion 30 1n the radially outward direction of the
inner sleeve 12, and a pair of second stop portions 34, 34
cach of which protrudes from the corresponding axial ends
of the cylindrical portion 30 1n the radially outward direction
of the mner sleeve 12 which 1s diametrically opposite to the
direction 1n which the first stop portion 32 protrudes. The
first stop portion 32 1s generally T-shaped 1n cross section,
namely, it has a larger circumferential length at its radially
outer end than at 1ts radially inner end, as shown 1 FIG. 1.
The stop block 28 1s positioned relative to the inner sleeve
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12 and the mtermediate sleeve 18 such that the first stop
portion 32 protrudes 1n the upper circumferential portion of
the engine mount 10 at which the radial distance between the
mner and intermediate sleeves 12, 18 1s larger in the offset
direction, and that the pair of second stop portions 34, 34
protrude 1n the lower circumierential portion of the engine
mount 10 at which the radial distance between the 1nner and
Intermediate sleeves 12, 18 1s smaller as seen 1n the offset
direction.

The elastic body 16 has a first pocket 36 which 1s open 1n
the outer circumierential surface thereof. The first pocket 36
1s aligned with the first window 20 of the intermediate sleeve
18 so that the first pocket 36 1s open 1n the outer circum-
ferential surface of the mtermediate sleeve 18 through the
first window 20. The walls of the first pocket 36 are defined
by the elastic body 16. The first pocket 36 1s generally
V-shaped 1n cross section as seen 1n FIG. 1, whose walls are
inclined by a suitable angle such that the distance between
the walls 1n a direction perpendicular to the above-indicated
oifset direction 1n a plane parallel to the center line of the
engine mount 10 increases 1n the radially outward direction.
This arrangement assures rigidity of the elastic body 16
required for supporting the power unit, and durability of the
engine mount 10. The first stop portion 32 protrudes from
the middle portion of the bottom of the first pocket 36. To the
outer surface of the first stop portion 32, a rubber buffer 38
1s fixed so as to cover the outer surface of the first stop
portion 32. The first stop portion 32 and the rubber bufier 38
cooperate with each other to provide a first stop member 40
which protrudes from the bottom of the first stop pocket 38
toward the opening thereof with a suitable radial distance.

The outer surface of each of the stop portions 34, 34
which protrude from the inner sleeve 12 1n the axial void 26
1s covered with a rubber buffer 42, so as to form a second
stop member 44 which protrudes by a suitable radial dis-
tance 1n a radial direction opposite to the radial direction 1n
which the first stop member 40 protrudes, as seen 1n the load
receiving direction. The rubber bufiers 38, 42 which par-
tially constitute the respective first and second stop members
40, 44 arc formed, integrally with the elastic body 16.

The elastic body 16 cooperates with a comparatively
casily displaceable thin elastic member 46 to define the axial
vold 26. The elastic member 46 consists of a first curved
clastic layer 48, a second curved elastic layer 50, and a
connecting rubber member 52 1n the form of a sheet which
connects adjacent peripheral ends of the first and second
clastic layers 48, 50 with each other. The first and second
clastic members 48, 50 are spaced apart from each other 1n
the circumierential direction, so that they are located on the
circumferentially opposite sides of the second stop member
44, such that the connecting rubber member 52 1s opposed
to the second stop member 44 1n the offset direction of the
mner and mtermediate sleeves 12, 18.

The thin elastic member 46 partially defining the axial
vold 26 as described above 1s bonded by vulcanization at its
opposite ends to the mnner circumferential surface of a
peripheral portion of the intermediate sleeve 18 which
defines the second window 22, whereby the second window
22 15 closed. According to this arrangement, a second pocket
54 and a third pocket 56 are provided by the first elastic layer
48 and the second elastic layer 30, respectively. These
seccond and third pockets 54, 56 are open 1n the outer
circumierential surface of the intermediate sleeve 18
through the second window 22, and are spaced apart from
cach other by a suitable circumierential distance. The con-
necting rubber member 52 extends between the openings of
the two pockets 54, 56 has a groove 538 which which extends
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in the circumferential direction of the engine mount 10, and
which 1s formed 1n 1ts outer surface. The second and third

pockets 54, 56 are connected with each other by this groove
58.

The rubber connecting member 52 1s opposed to the
second stop member 44 1n the offset direction of the 1nner
and 1ntermediate sleeves 12, 18. The second stop portions
34, 34 made of a hard material are formed at the axially
opposite ends of the cylindrical portion 30 of the stop block
28, so that the second stop portions 34, 34 are opposed to the
corresponding axial end portions of the mtermediate sleeve
18. According to this arrangement, the axially intermediate
portion of the second stop member 44 which 1s 1nterposed
between the pair of second stop portions 34, 34 1s substan-
tially formed of only the rubber butfer 42, so that the axially
intermediate portion of the stop member 44 has a su 1c1ently
low hardness. Thus, the connecting rubber member 52 is
prevented from being subjected to an excessive stress due to
the abutting contact of the second stop member 44 onto the
connecting rubber member 52, leading to an 1mproved
durability of the connecting rubber member 52.

The intermediate sleeve 18 has part-circumferential
ogrooves 60, 60 cach of which extends between the adjacent
circumfierential ends of the first and second windows 20, 22.
In other words, as shown 1 FIG. 3, the intermediate sleeve
18 has shoulders or stepped portions 1n 1ts axially opposite
end portions, namely, includes large-diameter end portions
62, 62 located axially outwardly of the grooves 60, and a
small-diameter portion 64 interposed between the large-
diameter portions 62, 62. Each of the first and second
windows 20, 22 of the intermediate sleeve 18 has an axial
length which is larger than that of the small-diameter portion
64. One of the part-circumierential grooves 60, 60 1s filled
with the sealing rubber layer 24, while the other groove 1s
partially filled with the sealing rubber layer 24, so as to
provide a groove 66 which extends in the circumferential
direction of the intermediate sleeve 18. This groove 66
connects the first and second pockets 36, 54 to each other.

After the elastic body 16 1s subjected to pre-compression
as needed, the outer sleeve 14 1s fitted on the integral
assembly constructed as described above such that the outer
sleeve 14 1s fixed on the intermediate sleeve 18. As a result,
the first and second windows 20, 22 of the intermediate
sleeve 18 are fluid-tightly closed by the outer sleeve 14. The
scaling rubber layer 24 provided on the outer circumferential
surface of the intermediate sleeve 18 1s compressed by and
between the outer sleeve 14 and the intermediate sleeve 18,
so as to assure fluid-tightness therebetween.

The openings of the first, second and third pockets 36, 54,
56 are fluid-tightly closed by the outer sleeve 14, to thereby
provide a pressure-receiving chamber 68 which 1s partially
defined by the elastic body 16, a first and a second equilib-
rium chamber 70, 72 which are partially defined by the first
and second elastic layers 48, 50, respectively. A pressure of
the fluid in the pressure-receiving chamber 68 changes upon
application of the vibrations to the engine mount 10, while
the volume of each of the first and second equilibrium
chambers 70, 72 1s easily variable based on the elastic
deformation of the first and second elastic layers 48, 50. In
the present embodiment, the first and second elastic layers
48, 50 are formed of the same material, and have substan-
tially the same thickness, shape and size, so that the first and
second equilibrium chambers 70, 72 have substantially the

same expansion spring constant.

The pressure-receiving chamber 68 and the first and
second equilibrium chambers 70, 72 are filled with a suitable
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non-compressible fluid such as water, alkylene glycol, poly-
alkylene glycol or silicone oil. For permitting the engine
mount 10 to exhibit an effective vibration damping or
1solating effect based on the resonance of the fluid, 1t 1s
desirable that the fluid have a relatively low viscosity,
preferably, not higher than 0.1 Pa.s.

With the outer sleeve 14 fitted on the integral assembly as
described above, the openings of the groove 358 and the
oroove 66 which are open in the outer circumferential

surface of the integral assembly are fluid-tightly closed by
the outer sleeve 14, to thereby provide a first orifice passage
74 which corresponds to the groove 66 and connects the
pressure-receiving and first equilibrium chambers 68, 70
with each other for fluid communication therebetween, and
a second orifice passage 76 which corresponds to the groove
58 and connects the first and second equilibrium chambers
70, 72 with each other for fluid communication therebe-
tween. Namely, the pressure-receiving chamber 68, first
equilibrium chamber 70 and second equilibrium chamber 72
are spaced apart from one another i1n the circumferential
direction of the engine mount 10, and are connected 1n series
with one another 1 the circumferential direction through the
first and second orifice passages 74, 76.

Upon application of the vibrations between the inner and
outer sleeves 12, 14 with the engine mount 10 installed on
the vehicle such that the mner sleeve 12 1s attached to one
of the vehicle body and the power unit while the outer sleeve
14 1s attached to the other of the vehicle body and the power
unit, there arises a difference of the fluid pressures between
the pressure-receiving chamber 68 and the first and second
equilibrium chambers 70, 72, whereby the fluid 1s forced to
flow between the pressure-receiving and the first equilibrium
chambers 68, 70 and between the first and second equilib-
rium chambers 70, 72, through the first orifice passage 74
and second orifice passage 76, respectively. Thus, the engme
mount 10 exhibits an intended damping or isolating etfect
with respect to the input vibrations to which the first and
second orifice passages 74, 76 are respectively tuned, on the
basis of the resonances of the fluid flowing through the first
and second orifice passages 74, 76, respectively. When an
excessive vibrational load 1s applied between the mner and
outer sleeves 12, 14, the amount of relative displacement of
the inner and outer sleeves 12, 14 in the bound and rebound
directions of the input vibrations 1s limited by the abutting
contact of the first stop members 40 with the outer sleeve 14,
and the abutting contact of the second stop member 44
toward the outer sleeve 14, respectively.

In the present embodiment, the first orifice passage 74 1s
tuned so as to exhibit a low dynamic spring constant with
respect to a low-frequency vibration around 24 Hz such as
a first-order component of the engine 1dling vibrations based
on the resonance of the fluid flowing therethrough, while the
second orifice passage 76 1s tuned so as to prevent a
considerable increase of the dynamic spring constant at a
frequency which 1s higher than the resonance frequency of
the fluid that 1s forced to flow through the first orifice
passage 74, and to exhibit a low spring constant with respect
to a high-frequency vibration around 45 Hz such as a
fourth-order component of the engine 1dling vibrations,
based on the resonance of the fluid which 1s forced to flow
through the second orifice passage 76.

In the present embodiment, the pressure-receiving cham-
ber 68, the volume-variable first and second equilibrium
chambers 70, 72 which have substantially the same expan-
sion spring constant are connected 1n series with one another
through the first and second orifice passages 74, 76. Thus,
the resonance frequency of the fluid flowing through the
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second orifice passage 76 1s advantageously made higher
than that of the fluid flowing through the first orifice passage

74.

The resonance frequency 11 of the fluid flowing through
the first orifice passage 74 and the resonance frequency 12 of
the fluid tlowing through the second orifice passage 76 are
casily tuned by adjusting the cross sectional arecas Al, A2
and the lengths L1, L2 of the respective first and second
orifice passages 74, 76, provided that the expansion spring

constant of the first and second equilibrium chambers 70, 72
1s kept constant. Accordingly, the resonance frequencies 11,
12 of the first and second orifice passages 74, 76 are set 1n
a higher frequency range by increasing the ratios Al/L1,
A2/1.2. In this respect, the cross sectional area Al and the
length L1 of the first orifice passage 74 and the cross
sectional arca A2 and the length L2 of the second orifice
passage 76 are determined so as to assure sufficient amounts
of the fluid flows which allow the engine mount 10 to exhibat
a sufficiently high vibration damping or isolating effect
based on the resonances of the fluid flowing through the first
and second orifice passages 74, 76, respectively.

As shown 1n FIGS. 1 and 3, the first orifice passage 74 has
a suiliciently large cross Sectlonal arca and a relatively short
length, while the second orifice passage 76 has a length
slightly shorter than that of the first orifice passage 74 and
a sufliciently small cross sectional area as shown 1n FIGS. 1
and 2. Thus, the second orifice passage 76 has a lower A/L
ratio than the first orifice passage 74 (wherein “A” and “L”
respectively represent the cross sectional areca and length of
each of the first and second orifice passages 74, 76). In the
present embodiment, the second orifice passage 76 1s par-
tially defined by the connecting rubber member 52. In this
case, the connecting rubber member 52 may be elastically
displaced 1n a direction to increase the cross sectional arca
A of the second orifice passage 76 due to the increase of the
pressure of the fluid contained 1n the engine mount 10 when
the weight of the power unit acts on the engine mount 10
upon 1nstallation thereof on the vehicle. Accordingly, the
cross sectional area A of the second orifice passage 76 before
installation of the engine mount needs to be determined by
taking account of the elastic displacement of the connecting
rubber member 52, which elastic displacement will be
caused by application of the weight of the power unit to the
engine mount 10 upon installation thereof on the vehicle.

In the present engine mount constructed as described
above, the ratio A2/I.2 of the second orifice passage 76 1s
made lower than the ratio A1/LL1 of the first orifice passage
74, so as to assure sufficient amounts of the fluid which 1s
forced to flow through the first and second orifice passages
74, 76, respectively. In addition, the resonance frequency 12
of the fluid flowing through the second orifice passage 76 1s
determined to be adjacent to the resonance frequency f1 of
the fluid flowing through the first orifice passage 74, so as to
orve an influence on the resonance of the fluid flowing
through the first orifice passage 74.

According to the arrangement as described above, the
engine mount 10 exhibits a low dynamic spring constant
with respect to the 1input vibrations 1n a low frequency range
to which the first orifice passage 74 1s tuned, based on the
resonance of the fluid flowing therethrough, while 1t exhibits
a low dynamic spring constant with respect to the input
vibrations 1 a high frequency range to which the second
orifice passage 76 1s tuned, based on the resonance of the
fluid flowing therethrough. In addition, the present engine
mount 10 prevents a considerable increase of the dynamic
spring constant due to anti-resonance of the fluid flowing
through the first orifice passage 74 1n a middle frequency
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range between the above-described two frequency ranges to
which the first and second orifice passages 74, 76 are tuned,
respectively, based on the resonance of the fluid which 1s
forced to flow through the second orifice passage 76, to
thereby assure a sufliciently low dynamic spring constant in
the above-indicated middle frequency range. Thus, the
present engine mount 10 stably exhibits an excellent vibra-
tion 1solating effect with respect to the mput vibrations over
a wide range of frequency from the low frequency range to
which the first orifice passage 74 1s tuned to the high
frequency range to which the second orifice passage 76 1s
tuned.

The present engine mount 10 constructed as described
above exhibits low dynamic spring constants based on the
fluid tlows through the first and second orifice passages 74,
76, with respect to the mput vibrations over a sufficiently
wide frequency range from about 25 Hz to which the first
orifice passage 74 1s tuned, to about 45 Hz to which the
second orifice passage 76 1s tuned. Accordingly, the present
engine mount 10 exhibits an effective damping or 1solating
characteristic over a wide frequency range which covers
vibrations from the first-order engine 1dling vibration to the
fourth-order engine 1dling vibration. Further, the present
engine mount 10 exhibits an effective damping or 1solating
characteristic with respect to the input vibrations in different
frequency ranges which are generated depending upon the
positions of the transmission. Thus, the present engine
mount 10 1s capable of stably exhibiting a significantly
enhanced 1solating effect with respect to the engine 1dling
vibrations.

For effectively preventing the considerable increase of the
dynamic spring constant which would be caused due to the
anti-resonance of the fluid flowing through the first orifice
passage 74 by utilizing the resonance of the fluid flowing
through the second orifice passage 76, it is preferable to
determine the resonance frequency values 11, 12 of the fluid
flows through the respective first and second orlﬁce PASSAgES
74, 76 such that the ratio £2/f1 1s not higher than 2, or such
that the difference between 12 and {1 1s not larger than 30 Hz.

For more effectively preventing the considerable increase
of the dynamic spring constant which would be caused due
to the anti-resonance of the fluid flowing through the first
orifice passage by the resonance of the fluid flowing through
the second orifice passage 76, it 1s preferred that the ratio
A2/1.2 be determined to be lower than ¥ of the ratio A1/L1.
Alternatively, 1t 1s preferable to tune the first and second
orifice passages 74, 76 such that a peak value of the dynamic
spring constant which increases due to the anti-resonance of
the fluid flowing through the first orifice passage 74 be
smaller than a peak value of the dynamic spring constant
which increases due to anti-resonance of the fluid flowing
through the second orifice passage 76.

Referring next to FIGS. 5 and 6, there 1s shown an engine
mount 80 for use on a front-engine front-drive motor
vehicle, which engine mount 1s constructed according to a
second embodiment of the present invention. The engine
mount 80 of this second embodiment 1s different from the
engine mount 10 of the first embodiment in respect to the
second orifice passage, 1n particular. The same reference
numerals as used in the first embodiment will be used 1n this
second embodiment to identify the functionally correspond-
ing or structurally similar elements, which will not be
described 1n detail to avoid redundancy of description.

In place of the stop block (28) in the engine mount 10
according to the first embodiment, the engine mount 80 of
the second embodiment has a rod member 82 which 1s fixed
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to the axially middle portion of the inner sleeve 12 and
extends toward the pressure-receiving chamber 68, and a
wing member 84 which 1s fixed to the radial end of the rod
member 82 and has a suitable circumferential dimension.
These rod and wing members 82, 84 are formed of a suitable
metallic material. The rod member 82 and the wing member
84 arc covered with the rubber buflfer 38, to thereby provide
the first stop member 40 which extends from the inner sleeve
12 into the pressure-receiving chamber 68 with a suitable
radial distance. A portion of the outer circumierential surface
of the 1nner sleeve 12, which portion 1s located on the side
of the axial void 26, 1s covered with the rubber buffer 42
having a suitable thickness.

The intermediate sleeve 18 has a restricting member 86
made of metal and located at the circumferentially interme-
diate portion of the second window 22. This restricting
member 86 1s a generally U-shaped member whose leg
portions are bonded by welding to the axially opposite
portions of the intermediate sleeve 18 adjacent to the second
window 22, as shown m FIG. 6, so that the restricting
member 86 extends between the above-indicated axially
opposite portions of the intermediate sleeve 18. Thus, the
restricting member 86 protrudes within the axial void 26 in
a direction from the intermediate sleeve 18 toward the 1nner
sleeve 12 with a suitable radial distance in the offset direc-
tion of the mner and intermediate sleeves 12, 18.

In the present engine mount 80, the connecting rubber
member 52 which defines the bottom wall of the second
orifice passage 76 has a comparatively large wall thickness.
The restricting member 86 1s bonded to the rubber connect-
ing member 52 by vulcanization of a rubber material for the
connecting rubber member 52. The surface of the restricting
member 86 which 1s opposed to the the inner sleeve 12 1s
covered with a rubber buifer 88 formed integrally with the
rubber connecting member 52.

The restricting member 86 and the rubber buffer 88
cooperate with each other to constitute a second stop mem-
ber 90 which limits an amount of relative displacement of
the mner and outer sleeves 12, 14 1n the rebound direction
owing to the abutting contact of the second stop member 90
with the inner sleeve 12 via the sealing rubber layer 42.
Since the rubber connecting member 52 1s fixed to the
restricting member 86 of the intermediate sleeve 18, the
rubber connecting member 52 1s prevented from being
clastically deformed, so that the configuration of the second
oriiice passage 76 1s held substantially constant upon appli-
cation of the vibrational load to the engine mount 80.

The engine mount 80 constructed according to the second
embodiment provides substantially the same advantages as
the engine mount (10) of the first embodiment as illustrated
above. In addition, 1n the present engine mount 80, the
configuration of the second orifice passage 76 can be held
constant, whereby the resonance frequency of the fluid
which 1s forced to flow through the second orifice passage 76
1s easily tuned. Accordingly, the present engine mount 80 1s
capable of exhibiting the desired vibration damping or
1solating characteristic with high stability.

While the presently preferred embodiments of this inven-
fion have been described above 1n detail for the illustrative
purpose only, 1t 1s to be understood that the present invention
1s not limited to the details of the illustrated embodiments,
but may be otherwise embodied.

The cross sectional area, length and configuration of each
of the first and second orifice passages 74, 76 are not limited
to those of the 1llustrated embodiments, but may be suitably
determined depending upon the required vibration damping
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or 1solating characteristic of the mount. For instance, the
intermediate sleeve 18 may have three windows, and the
first, second and third pockets 36, 54, 56 of the elastic body
16 are open 1n the outer circumierential surface of the
intermediate sleeve 18 through the respective three win-
dows. In this case, the intermediate sleeve 18 has grooves
extending between the adjacent circumierentially opposite
ends of the three windows, to thereby provide first and
second orifice passages between the intermediate sleeve 18
and the outer sleeve 14.

The configurations and the positions of the pressure-
receiving chamber, first and second equilibrium chambers
are not limited to those of the illustrated embodiments. For
instance, the equilibrium chambers may be formed within
the pressure-receiving chamber, or the first and second
cequilibrium chambers may be formed in series with each
other 1n the axial direction of the engine mount.

Further, the elastic layers which define the respective
bottom walls of the first and second equilibrium chambers
may be formed of materials different from each other, and
may have thicknesses and sizes different from each other, so
that the expansion spring constants of the first and second
equilibrium chambers are made different from each other,
whereby the first and second orifice passages are tuned as
desired.

While the 1llustrated embodiments of this mmvention take
the form of the engine mounts 10, 80 for a motor vehicle, the
principle of the invention 1s equally applicable to various
types of cylindrical vibration damping devices such as body
mounts and differential mounts for motor vehicles, and
various damping device used 1n various kinds of equipment
other than the motor vehicles.

It 1s to be understood that the present invention may be
embodied with various other changes, modifications and
improvements, which may occur to those skilled 1n the art,
without departing from the spirit and scope of the invention
defined 1n the attached claims.

EXAMPLES

Various specimens of the engine mount 10 constructed
according to the first embodiment of FIGS. 1-4 were pre-
pared as Examples (1)—(4) indicated below. The engine
mount specimens have the respective second orifice pas-
sages 76 which have different cross sectional areas A2. For
cach of the engine mount specimens of the Examples
(1)—«(4), there was measured a frequency characteristic of the
vibration damping capability. The results are shown 1n the
oraphs of FIGS. 7-10, respectively.

The test was effected such that each engine mount speci-
men 15 subjected to a preload of 30 kef, which 1s assumed
to be the weight of the power unit acting on the engine
mount when the transmission 1s placed in DRIVE position.
The cross sectional area of the second orifice passage 76
prior to the installation in each Example 1s determined by
taking account of an increase of the cross sectional area of
the second orifice passage 76, which increase 1s caused by
the weight or static load of the power unit that acts on the
engine mount upon installation thercof on the vehicle. By
using the engine mount specimen of Example (4), a similar
test was effected as an Example (5) such that the engine
mount specimen 1s subjected to a preload of 50 kgf, which
1s assumed to be the static load or weight of the power unit

acting on the engine mount when the transmission 1s placed
in the NEUTRAL position. The result of the test 1s indicated
in the graph of FIG. 11.
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EXAMPLE (1)

the first orifice passage cross sectional area A1=189 mm~
length 1.1=34.2 mm ratio A1/LL1=5.53

the second orifice passage cross sectional area A2=72.4 mm~
length [.2=30 mm ratio A2/1.2=2.41

(A2/1.2)/(A1/1.1)=0.435

EXAMPLE (2)

the first orifice passage cross sectional area A1=178.2 mm”~
length 1.1=34.2 mm ratio A1/LL1=5.53

the second orifice passage cross sectional area A2=61.4 mm”~
length 1.2=30 mm ratio A2/1.2=2.05

(A2/1.2)/(A1/1.1)=0.393

EXAMPLE (3)

the first orifice passage cross sectional area A1=180 mm-
length 1.1=34.2 mm ratio A1/LL1=5.26

the second orifice passage cross sectional area A2=50.4 mm
* length 1.2=30 mm ratio A2/1.2=1.68

(A2/1.2)/(A1/1.1)=0.319

EXAMPLE (4)

the first orifice passage cross sectional area Al=177 mm”~
length 1.1=34.2 mm ratio A1/LL1=5.18

the second orifice passage cross sectional area A2=39.4 mm~
length 1.2=30 mm ratio A2/1.2=1.31

(A2/1.2)/(A1/1.1)=0.253

EXAMPLE (5)

the first orifice passage cross sectional area Al=177 mm”~
length 1.1=34.2 mm ratio A1/LL1=5.18

the second orifice passage cross sectional area A2=42.9 mm”~
length 1.2=30 mm ratio A2/1.2=1.43

(A2/1.2)/(A1/1.1)=0.276

As 15 apparent from the results indicated 1n the graphs of
FIGS. 7-11, the dynamic spring constant which increases by
the anti-resonance of the fluud flowing through the first
orifice passage 1s reduced to a level as low as the dynamic
spring constant which increases by the anti-resonance of the
fluid flowing through the second orifice passage. This
arrangement effectively prevents considerable deterioration
of the vibration damping or 1solating capability of the engine
mount in a frequency range between the resonance frequen-
cies to which the first and second orifice passages are tuned,
respectively. Further, 1t 1s clearly recognized from the results
that all of the engine mount specimens of Examples (1)—(5)
exhibited an excellent vibration damping or 1solating capa-
bility 1 two frequency ranges around 25 Hz and 45 Hz,
respectively.

Specimens of the engine mount 80 constructed according,
to the second embodiment of FIGS. 5—6 were prepared as
Examples (6)—(7) indicated below. The engine mount speci-
mens have the respective second orifice passages 76 which
have different cross sectional areas A2. For each of the
engine mount specimens of the Examples (6)—~(7), there was
measured a frequency characteristic of the vibration damp-
ing or 1solating capability. The results are shown 1n the
ographs of FIGS. 12-13, respectively.

The test was effected such that each engine mount speci-
men 15 subjected to a preload of 40 kef, which 1s assumed
to be the weight of the power unit acting on the engine
mount when the transmission shift lever 1s placed in DRIVE
position. By using the engine mount specimen of Example
(7), a similar test was effected as an Example (8) such that
the engine mount specimen 1s subjected to a preload of 80

10

15

20

25

30

35

40

45

50

55

60

65

16

kef, which 1s assumed to be the weight of the power unit
acting on the engine mount when the transmission 1s placed
in NEUTRAL position. The result of the test 1s indicated in
the graph of FIG. 14. A similar test was conducted on an
engine mount specimen as a comparative example as 1ndi-
cated below. In this engine mount of the comparative
example, the ratio A2/I.2 of the second orifice passage 76
was made higher than the ratio A1/LL1 of the first orifice
passage 74. The result 1s shown 1n the graph of FIG. 15.

EXAMPLE (6)

the first orifice passage cross sectional area A1=127.2 mm~
length 1.1=40.3 mm ratio A1/LL1=3.15

the second orifice passage cross sectional area A2=66.5 mm”~
length 1.2=30 mm ratio A2/1.2=2.21

(A2/1.2)/(A1/L1)=0.70

EXAMPLE (7)

the first orifice passage cross sectional area A1=127.2 mm”
length L1=40.3 mm ratio A1/LL1=3.15

the second orifice passage cross sectional area A2=35.0 mm~
length L.2=30 mm ratio A2/1.2=1.17

(A2/1.2)/(A1/1.1)=0.37

EXAMPLE (8)

the first orifice passage cross sectional area A1=127.2 mm~
length .1=0.3 mm ratio A1/L.1=3.15

the second orifice passage cross sectional area A2=35.0 mm”~
length L.2=30 mm ratio A2/1.2=1.17

(A2/1.2)/(A1/1.1)=0.37

Comparative Example

the first orifice passage cross sectional area A1=127.2 mm”
length 1.1=40.3 mm ratio A1/LL1=3.15

the second orifice passage cross sectional area A2=133 mm”
length 1.2=30 mm ratio A2/1.2=4.43
(A2/1.2)/(A1/L1)=1.41

As 1s apparent from the results as shown 1n the graphs of
FIGS. 12-14, like the engine mount of the first embodiment,
the engine mount constructed according to the second
embodiment 1s capable of exhibiting an excellent vibration
damping or i1solating effect based on the resonances of the
fluid flowing through the first and second orifice passages,
respectively. In particular, the comparison of the results
between the engine mounts of the present invention and the
engine mount of the comparative example clearly indicates
that the increase of the dynamic spring constant due to the
anti-resonance of the fluid flowing through the first orifice
passage 1s ellectively prevented owing to the resonance of
the fluid flowing through the second orifice passage, 1n the
present engine mounts. It 1s further recognized that the
present engine mounts effectively exhibited sutficiently low
spring constants based on the resonance of the fluid flowing
through the second orifice passage. Accordingly, the engine
mount constructed according to the present imvention 1s
capable of damping or 1solating the input vibrations over a
wide frequency range.

As clearly understood from the results as shown 1in the
ographs of FIGS. 12-14, in the engine mounts wherein the
values “(A2/L2)/(A1/L1)” were made lower than Y2, the
increase of the dynamic spring constant due to the anti-
resonance of the fluud flowing through the first orifice
passage was elfectively prevented owing to the resonance of
the fluid tlowing through the second orifice passage.

It will be understood from the above description that, 1n
the fluid-filled cylindrical vibration damping device con-
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structed according to the present invention, the increase of
the dynamic spring constant due to the anti-resonance of the
fluid flowing through the first orifice passages prevented by
the resonance of the fluid flowing through the second orifice
passage, so that the present engine mount exhibits stable
vibration damping or i1solating characteristics over a wide
frequency range on the basis of the resonances of the fluid
flowing through the first and second orifice passages, respec-
fively.
What 1s claimed 1s:
1. A fluid-filled cylindrical vibration damping device
comprising:
an 1nner sleeve member;
an outer sleeve member disposed radially outwardly of
said 1nner sleeve member 1n a spaced-apart relation
with said mnner sleeve member;

an clastic body interposed between said inner sleeve
member and said outer sleeve member for elastically
connecting said inner and outer sleeve members with
cach other;

a pressure-receiving chamber which 1s formed between
said inner sleeve member and said outer sleeve member
and filled with a non-compressible fluid, said pressure-
receiving chamber being partially defined by said elas-
tic body so that a pressure of said fluid 1n said pressure-
receiving chamber changes upon application of a
vibrational load to the vibration damping device;

a first flexible diaphragm with opposite surfaces, one of
said opposite surfaces partially defines a first equilib-
rium chamber filled with said non-compressible fluid
and the other of said opposite surfaces partially defines
an axial void which extends 1n an axial direction of said
inner sleeve member and which 1s partially defined by
said elastic body, said first tlexible diaphragm being
displaceable to permit a change 1n a volume of said first
equilibrium chamber;

a second flexible diaphragm which partially defines a
second equilibrium chamber filled with said non-
compressible fluid, said second flexible diaphragm
being displaceable to permit a change 1n a volume of
said second equilibrium chamber;

first orifice passage defining means for defining a first
orifice passage which permits fluid communication
between said pressure-receiving chamber and said first
equilibrium chamber;

second orifice passage defining means for defining a
second orifice passage which permits fluid communi-
cation between said first equilibrium chamber and said
second equilibrium chamber, said second orifice pas-
sage having a ratio A/L which 1s smaller than that of
said first orifice passage, wherein A and L are a cross
sectional arca and a length of each of said first and
second orifice passages, respectively;

wherein said fluid flowing 1n said first orifice passage has
a first resonance frequency 1 while said fluid flowing
in said second orifice passage has a second resonance
frequency 12 which 1s higher than said first resonance
frequency 11; and
wherein said pressure-receiving chamber, said first equi-
librium chamber, and said second equilibrium chamber
are connected 1n series with one another, said second
equilibrium chamber being directly connected only to
said first equilibrium chamber through said second
orifice passage.
2. A fluud-filled cylindrical vibration damping device
according to claim 1, wherein said first flexible diaphragm
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which partially defines said first equilibrium chamber 1s
provided by a first elastic layer while said second flexible
diaphragm which partially defines said second equilibrium
chamber 1s provided by a second elastic layer, said first and
second equilibrium chambers being partially defined by
respective walls which have substantially the same expan-
sion spring constant.

3. A fluid-filled cylindrical vibration damping device
according to claim 2, wherein an axial void i1s formed
between said inner sleeve member and said outer sleeve
member and 1n one of two circumferential portions of the
damping device which are diametrically opposed to each
other while said elastic body 1s mterposed between said
inner sleeve member and said outer sleeve member and 1n
substantially the other of said two circumierential portions
of the damping device, said first equilibrium chamber and
said second equilibrium chamber being located within said
axial void such that said first and second equilibrium cham-
bers are spaced apart from each other 1n a circumferential
direction of said axial void, said first and second flexible
diaphragms which partially define said first and second
equilibrium chambers, respectively, being provided by said
first and second elastic layers which are formed substantially
independently of said elastic body.

4. A fluid-filled cylindrical vibration damping device
according to claim 1, further comprising an intermediate
sleeve bonded to an outer circumferential surface of said
clastic body and including a plurality of windows through
which a first pocket that 1s partially defined by said elastic
body, a second pocket that 1s partially defined by said first
flexible diaphragm and a third pocket that 1s partially defined
by said second flexible diaphragm are open 1n an outer
circumferential surface of said intermediate sleeve, said
outer sleeve member being fitted on said intermediate sleeve
so as to fluid-tightly close said first, second and third
pockets, to thereby provide said pressure-receiving chamber,
said first equilibrium chamber and said second equilibrium
chamber, respectively.

5. A fluud-filled cylindrical vibration damping device
according to claim 1, wherein said second orifice passage 1s
partially defined by an elastic member which 1s elastically
deformed based on a pressure of said fluid which 1s forced
to flow through said second orifice passage.

6. A fluid-filled cylindrical vibration damping device
according to claim 1, wherein a ratio 12/11 of said second
resonance frequency 12 to said first resonance frequency {1
1s not higher than 2.

7. A fluid-filled cylindrical vibration damping device
according to claim 1, wherein a difference 12-11 between
said second resonance frequency 12 and said first resonance
frequency 11 1s not larger than 30 Hz.

8. A fluud-filled cylindrical vibration damping device
according to claim 1, wherein said elastic body 1s disposed
in one ol two circumferential portions of the vibration
damping device which are opposed to each other m a
diametric direction 1n which said vibrational load 1s prima-
rily applied while said axial void 1s formed in the other
circumferential portion, said first and second equilibrium
chambers being formed on circumferentially opposite sides
of a portion of said axial void which 1s opposed to said inner
sleeve member 1n said direction 1in which said vibrational
load 1s primarily applied, so that said first and second
equilibrium chambers are spaced from each other by a
suitable distance 1n a circumierential direction of said outer
sleeve, said second orifice passage which permits fluid
communication between said first and second equilibrium
chambers being formed so as to extend along an inner
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circumferential surface of said outer sleeve member 1n said
circumferential direction thereof, between portions of said
inner sleeve member and said outer sleeve member which
are opposed to each other.

9. A fluid-filled cylindrical vibration damping device
according to claam 8, further comprising an elastic stop
member which protrudes from at least one of said inner
sleeve member and said outer sleeve member toward the
other of said inner sleeve member and said outer sleeve
member, between said first and second equilibrium cham-
bers m said direction in which said vibrational load 1s
primarily applied.

10. A fluid-filled cylindrical vibration damping device
according to claim 9, wherein said elastic stop member
serves as a rebound stopper for limiting an amount of
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relative displacement of said inner sleeve member and said
outer sleeve member 1n a rebound direction of said vibra-
tional load which 1s applied to the vibration damping device.

11. A flmud-filled cylindrical vibration damping device
according to claim 9, wherein said elastic stop member 1s
reinforced by a reinforcing member.

12. A fluud-filled cylindrical vibration damping device
according to claim 1, further comprising an elastic stop
member serving as a bound stopper for limiting an amount
of relative displacement of said inner sleeve member and
said outer sleeve member in a bound direction of said
vibrational load which 1s applied to the vibration damping
device.
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